We present observations at 250, 350, and 500 µm of the nearby galaxy cluster Abell 3112 (z = 0.075) carried out with BLAST, the Balloon-borne Large Aperture Submillimeter Telescope. Five cluster members are individually detected as bright submillimetre sources. Their farinfrared SEDs and optical colours identify them as normal star-forming galaxies of high mass, with globally evolved stellar populations. They all have (B − R) colours of 1.38 ± 0.08, transitional between the blue, active population and the red, evolved galaxies that dominate the cluster core. We stack to determine the mean submillimetre emission from all cluster members, which is determined to be 16.6±2.5, 6.1±1.9, and 1.5±1.3 mJy at 250, 350, and 500 µm, respectively. Stacking analyses of the submillimetre emission of cluster members reveal trends in the mean far-infrared luminosity with respect to cluster-centric radius and K S -band magnitude. We find that a large fraction of submillimetre emission comes from the boundary of the inner, virialized region of the cluster, at cluster-centric distances around R 500 . Stacking also shows that the bulk of the submillimetre emission arises in intermediate-mass galaxies (L < L * ), with K S magnitude ∼1 mag fainter than the giant ellipticals. The results and constraints obtained in this work will provide a useful reference for the forthcoming surveys to be conducted on galaxy clusters by Herschel.
INTRODUCTION
The evolution of cluster galaxies and their star-formation rates have been studied using several different approaches in the last few decades. Optical surveys have shown clear correlations between galaxy colours and local galaxy density or cluster-centric radius (Dressler 1980; Dressler et al. 1997; Kodama et al. 2001 ). Spectroscopic observations have consistently identified trends in the star-formation activity of cluster galaxies, both as a function of cluster-centric distance (e.g. Verdugo, Ziegler, Gerken 2008; Braglia et al. 2009 and references therein) and at different redshifts (Poggianti et al. 2006 (Poggianti et al. , 2009 . Variation of the star-formation rate (SFR) and correlation with the local environment has also been investigated at different mass scales, from groups (Wilman et al. 2008 ) to large superclusters (Porter & Raychaudhury 2007) , and also in relation to local large-scale filamentary structures (Braglia et al. 2007; Porter et al. 2008) .
Observations with IRAS and ISO provided a way to investigate the nature of dust and to correlate the SFRs of cluster galaxies with their dust content, albeit mostly covering the spectral regions dominated by warm (> 40 K) dust. While part of these studies was aimed at detecting diffuse emission from warm intracluster dust (e.g. Stickel et al. 1998; Stickel et al. 2002; Montier & Giard 2005; Giard et al. 2008) , several results were also obtained with observations of individual cluster members in several clusters. Edge (2001) used combined IRAS, IRAM and JCMT observations to detect CO line emission from molecular gas in the central galaxies of a sample of 16 cooling core galaxies. Tuffs et al. (2002) and Popescu et al. (2002a; 2002b) observed a large sample of galaxies in Virgo, finding a dependence in the dust content of galaxies with Hubble type. Pierini & Möller (2003) found that dust luminosity and mass depend on galaxy geometry and shape as well as stellar mass.
Several recent 24 µm observations with Spitzer-MIPS have detected dusty star-forming galaxies in intermediate-to high-z clusters. Geach et al. (2006) find an increase of the total SFR in clusters with increasing redshift from Spitzer observations, although with large scatter. Bai et al. (2007) investigate the IR properties and the mid-IR luminosity function of cluster galaxies in a higher redshift cluster at z = 0.83, confirming the presence of evolution in the star-formation rate of cluster galaxies. Fadda et al. (2008) identify consistent overdensities of 24 µm sources along two filaments between the clusters Abell 1770 and Abell 1763 (z = 0.23) with respect to the surrounding field. Similar to Bai et al. (2007) , Haines et al. (2009a) confirm an excess of 24 µm sources in the cluster Abell 1758 at z = 0.28. Tran et al. (2009) also compare the 24 µm luminous members of a cluster, a supergroup and the field, concluding that the mid-IR inferred SFR is higher in the intermediate environment of the groups than in the field, while it is globally lower in the cluster. Local dependence of the density of 24 µm sources in clusters is investigated in the LoCuSS survey by Haines et al. (2009b) , who find a global decrease of star-forming systems with decreasing cluster-centric radius.
Recently, Wardlow et al. (2010) have used the AzTEC camera to observe a field centred on the cluster MS0451.6-0305 at z = 0.54, identifying two luminous infrared galaxies (LIRG) with a combined SFR of 100 M⊙ yr −1 . They suggest that, if these are indeed cluster members, they can be examples of a population of galaxies undergoing transformation to the red sequence through interaction with the cluster environment.
All the studies presented have investigated the star-formation activity of cluster galaxies either in the mid-IR or at millimetre wavelengths. However, a complete characterization of the output of star-formation requires coverage of the 200-800 µm spectral region, where the peak of the far-IR emission is expected to lie.
The Balloon-borne Large Aperture Submillimeter Telescope (BLAST: Pascale et al. 2008; Devlin et al. 2009 ) is a pathfinder experiment to Herschel/SPIRE, and has provided the first maps of selected areas of the sky at 250, 350, and 500 µm. These wavelengths were mainly chosen to constrain the peak of the FIR emission from galaxies at redshifts z 1. Several studies carried out by the BLAST collaboration on extragalactic fields, either on individual sources (Dye et al. 2009; Dunlop et al. 2009; Ivison et al. 2010) , using stacking (Devlin et al. 2009; Marsden et al. 2009; Pascale et al. 2009; Ivison et al. 2010) , or other statistical analyses (Patanchon et al. 2009; Viero et al. 2009 ), have been performed on blank-field maps. A few other studies (Rex et al. 2009; Wiebe et al. 2009 ) have been conducted on known targets. In particular, Rex et al. have provided the first sub-mm maps of the 'Bullet' cluster (Tucker et al. 1998) , investigating the nature of a bright sub-mm source identified as a counterpart of a lensed high-z star-forming galaxy. However, no direct investigation of sub-mm emission from cluster members has been conducted so far.
We present here 250, 350, and 500 µm observations of a field centred on the nearby cluster Abell 3112 (z = 0.075; A3112 hereafter) carried out by BLAST, and the results of a combined analysis of the optical and sub-mm properties of a spectroscopic sample of its cluster members. These results demonstrate that observation of cluster galaxies at sub-mm wavelengths can provide insight into the star-formation activity in clusters and help understanding galaxy evolution within these overdense environments.
This paper is organized as follows. Section 2 introduces the BLAST observations of A3112 and the ancillary optical and near-IR data used for our study. Section 3 shows the results from stacking analyses of cluster member catalogues and the properties of sub-mm bright cluster members. These results are discussed in Section 4 and summarized in Section 5.
Throughout the paper, we use a standard ΛCDM cosmology, where ΩM = 0.3, ΩΛ = 0.7 and h ≡ H0/100 km s −1 Mpc −1 = 0.7.
OBSERVATIONS AND DATA

BLAST
The BLAST stratospheric telescope has a 1.8-m primary mirror and three broad-band bolometer arrays that observe the sky simultaneously at 250, 350, and 500 µm. This array system is effectively a prototype of the SPIRE instrument onboard the Herschel satellite. The instrument beams are nearly diffraction-limited and are approximately described as Gaussians with full width at half maximum (FWHM) of 36, 42, and 60 arcsec at 250, 350, and 500 µm, respectively. For an extended description of the instrument, data analysis, and calibration procedures, see Pascale et al. (2008) ; Truch et al. (2009) .
A large fraction of the successful BLAST observational campaign of 2006 (BLAST06) from McMurdo Station, Antarctica, was dedicated to completing deep and wide blank-field extragalactic surveys (cf. Section 1). Smaller fields centred on the positions of well-known targets were also observed (e.g. Rex et al. 2009; Wiebe et al. 2009 ). Among those was a 1.1 deg 2 field centred on the nearby cluster A3112 at z = 0.075. This target was observed for a total time of 4.2 hr.
The BLAST time-stream data were reduced using a common pipeline to identify spikes, correct detector time drift and calibrate data (Pascale et al. 2008; Truch et al. 2009 ). Maps were generated using the SANEPIC software, which uses a maximum-likelihood algorithm to estimate the optimal solution for the map, as well as producing an associated noise map (Patanchon et al. 2008 ). Absolute calibration is based on observations of the evolved star VY CMa and is estimated to be at the level of 10% (although strongly correlated between the three bands; see Truch et al. 2009 for details) . While the maps represent the optimal weighting of the data across all spatial scales, the largest scales are less constrained due to various systematic effects, particularly because of the lack of cross-linking in the scans of this particular field. This can produce residual large-scale fluctuating patterns across the map. To suppress these spurious signals, all maps have been filtered to remove frequencies contributing to the large-scale noise without affecting the sources, corresponding to scales in excess of about 10 arcmin (approximately the size of the detector array projected on the sky). This procedure, already used for the BLAST GOODS-S (BGS) maps (e.g. Devlin et al. 2009 ) also explicitly sets the mean of each map to zero. We obtain 1σ noise values of 27.3, 21.3 and 15.6 mJy at 250, 350, and 500 µm, respectively, in the central 0.8 deg 2 of the observed field. This is an area comparable to the BGS-Deep map. An outer, shallower region of about 0.3 deg 2 total area was also observed, albeit with higher noise: we calculate 1σ map r.m.s. of 63.8, 58.6, and 39.0 mJy for this region. Due to the high noise of the wider area, we will only include it in the stacking analyses where it can be appropriately weighted; source extraction will only be performed in the deeper region, to ensure robust identifications.
Analysis of the signal-to-noise maps shows that the observations of A3112 are not strongly dominated by confusion. The distribution of signal-to-noise is well described by a Gaussian with a wing towards high positive values (due to bright sources in the maps), whose width only slightly exceeds pure instrumental noise. We evaluate the contribution of confusion to total measured noise, measured as σ conf /σmap, as 24%, 26%, and 29% at 250, 350, and 500 µm, respectively.
Individual BLAST sources are extracted from each map using a source-finding algorithm which identifies peaks in a smoothed map produced by convolving the flux density map, weighted by the inverse of the variance, with the point spread function (PSF) of BLAST. Peaks with a signal-to-noise ratio (SNR) of at least 3 were selected as sources, their flux then calculated as the value of the beam-convolved flux density map at the position of the peak. The positional uncertainty is calculated as in Ivison et al. (2007) , where we assume the slope of the number counts from Patanchon et al. (2009) and a minimum uncertainty of 5 arcsec is imposed, equal to the intrinsic pointing uncertainty of the instrument. The positional uncertainty lies below 8, 9, and 13 arcsec for 5σ (or more) sources at 250, 350, and 500 µm, respectively. Sources at different wavelengths are associated on the basis of their peak position, as in Devlin et al. (2009) ; the source catalogues are provided in appendix.
We identify 86, 74 and 46 sources at 250, 350, and 500 µm, respectively, with SNR values in excess of 3 and up to 23. We use the results of Patanchon et al. (2009) to predict the number of sources expected for a blank field with the same area and depth of the A3112 observations. We find expected numbers of 37 +18 −14 , 22
+30
−16 , and 20
+41
−17 sources at 250, 350, and 500 µm, respectively. Despite the relatively large errors on the predicted number counts, the number of sources detected at 250 µm exceeds the expected number by a factor 2. The excess decreases at longer wavelengths, to become completely consistent with the expected counts at 500 µm. This suggests that the excess detected is mainly due to the presence of the cluster, whose population should be detected preferentially at 250 µm.
Stacking
Robust association of optical counterparts to BLAST sources is usually possible only for very robust detections and relies on a number of assumptions and on the use of ancillary data (cf. Section 3.2). Moreover, the map noise will prevent the detection of individual faint sources. It is nevertheless possible to obtain robust statistical information about the average BLAST flux density of a sample of counterparts by stacking the BLAST maps on a provided catalogue. This technique has been described in great detail by Marsden et al. (2009) , and was successfully used to determine the intensity of the far-IR background (FIRB) using BLAST data in the BGS field (Devlin et al. 2009; Marsden et al. 2009; Pascale et al. 2009 ). Stacking will be applied in Sections 3.1, 3.4, and 3.5.
Ancillary data
BLAST data were combined with optical spectroscopy to identify cluster members based on their dynamical state, and UV to near-IR photometry used to characterize the cluster members on the basis of their photometric properties. This allows us to investigate the FIR star-formation activity of cluster galaxies together with their unobscured UV star-formation and classification from multi-band photometry.
We collected spectroscopic redshifts in the field of A3112 from dedicated observations of the AAOmega Spectrometer on the Anglo-Australian Telescope (AAT). AAOmega (Sharp et al. 2006 ) is the new fiber-fed spectrograph for the 2dF robot fibre positioner. It has 392 fibers covering a total area of 2 deg 2 ; a dichroic allow continuous coverage of the spectral region from 3700-8800Å with a resolution λ/δλ = 1300. Data were collected on November 24, 2009 (Proposal ID A103, PI: FGB) for a total of 5.1 hours. Target selection was based on available photometry (see below) to select potential cluster members from optical and near-IR colours.
Two instrumental setups allowed us to collect 683 spectra. Data reduction was performed using the standard AAOmega pipeline, 2dfdr, available on the AAOmega website 1 . Redshifts were extracted using standard IRAF tasks and then checked individually. We obtained redshifts for 578 out of 683 spectra (a success rate of 87%), with 550 reliable non-stellar spectra.
Additional spectroscopic redshifts in the field were collected from the NASA/IPAC Extragalactic Database (NED). Most of these are from the Las Campanas Redshift Survey (LCRS, Shectman et al. 1996) and from the Two Degree Field survey (2dF, Colless et al. 2001) . A total of 188 redshifts were obtained for this field, with a redshift coverage from 0-0.22, from which we identified 90 galaxies not covered by the AAOmega observations for a total of 640 redshifts within 0.8 degrees from the cluster centre.
Optical photometry in the Harris B and R passbands is available from dedicated observations of A3112 carried out at the Las Campanas Observatory Swope Telescope within the Las Campanas/AAT Rich Cluster Survey (LARCS: Pimbblet et al. 2001; Pimbblet et al. 2002) . These two filters cover the spectral region from 3500 to 6800Å, which includes a number of important spectral features for galaxies at low redshift. In particular, the two filters bracket the 4000Å break for galaxies at the redshift of A3112, thus providing a classification of galaxies with respect to their global, unobscured star-formation activity by means of the B − R colour. Near-IR photometry was extracted from the 2MASS database (Skrutskie et al. 2006) , providing J, H, and KS band photometry for all cluster members. We used the magnitude values from the Extended Source Catalogue (XSC) where available; where the objects were not present in this catalog, the Point Source Catalogue (PSC) was used instead. Undetected galaxies were assigned an upper magnitude limit consistent with the 2MASS limits. GALEX near-and far-UV photometry was obtained from the Nearby Galaxy Survey (NGS) in the GR4/5 data release. Where no significant UV flux was detected, we assigned an upper limit consistent with the NGS limits in the field of A3112. All optical and near-IR magnitudes were converted to the AB system.
RESULTS
Cluster members and specific SFR
Optical cluster members are identified using the technique presented in Biviano et al. (2006) . We identify 146 dynamically bound optical cluster members in the field observed with BLAST, scattered across the cluster area from its core to a maximum distance of 3.4 h −1 Mpc (at the cluster redshift). We derive a dynamical mass of (4.7 ± 0.6) × 10 14 M⊙ within R200= 1.79 h −1 Mpc (R200 is the radius where the overdensity of the cluster with respect to the cosmic background density exceeds 200). This value and the cluster Xray luminosity of 4.2 × 10 37 W (1.1 × 10 11 L⊙) (Böhringer et al. 2004 ) identify A3112 as an intermediate mass system. We fit the cluster red sequence (RS) in the (B − R) vs. KS plane. This allows for galaxy classification to be carried out independently with respect to stellar mass (traced by the KS magnitude) and to the unobscured star-formation activity (whose signature can be identified in the B − R colour), thus minimizing any residual colour term in the colour-magnitude plane. We fit the RS through a recursive 3σ-clipping algorithm, which converges to the fit:
(1) Figure 2 shows the cluster colour-magnitude diagram. We assume as a reference for K * S the value 2 obtained by Cole et al. (2001) (converted to the AB system) on a large sample of galaxies from 2MASS. Out of the 146 identified cluster members, 99 lie along the RS, while 21 of them populate the colour-magnitude plane downwards the RS (see Figure 2) . Interestingly, a similar number of cluster members (26) lie upwards the RS. These very red galaxies could in principle be either young and dusty or very old evolved galaxies whose dust reservoir is completely depleted. BLAST observations are a powerful tool to solve this degeneracy without the need for optical spectroscopy, since sub-mm emission is a direct probe of dust.
We derive the unobscured SFR of each cluster member from GALEX broadband photometry, using the approach described by 2 K * S is the characteristic Schechter magnitude, i.e. the magnitude of the high-luminosity cutoff in the power-law profile of the Schechter luminosity function of the cluster, calculated in the K S band. 
Schiminovich et al. (2005)
. On average, cluster galaxies have negligible or very small (< 1 M⊙ yr −1 ) SFRs. However, 15 cluster members (i.e. about 9% of our sample) show moderate SFRs ( 5 M⊙ yr −1 ). We also calculate the stellar mass of cluster members from KS photometry using the same recipe provided by Arnouts et al. (2007) . We assume the relation for active/blue galaxies (parameter set 1 in Arnouts et al. 2007 ) for galaxies below the RS, and the relation for quiescent/red galaxies for (parameter set 2) for galaxies along and above the RS. We obtain stellar masses across two orders of magnitude, from 7 × 10 8 M⊙ for the smallest galaxies in our sample, to 1.8 × 10
10 M⊙ for the central galaxy. We stack the BLAST flux density maps on the cluster members catalogue to assess the mean flux density in the 3 BLAST bands. We obtain stacked values of 16.6±2.5, 6.1±1.9, and 1.5±1.3 mJy at 250, 350, and 500 µm, respectively. This converts to a mean SFR of 0.4 M⊙ yr −1 per cluster member and a total SFR of 58.4 M⊙ yr −1 for the whole sample of cluster members. We thus calculate a specific SFR, ΣSFR = SFR tot /(M dyn /10 14 M⊙) = 12.4 ± 3.4 yr −1 . This is in very good agreement with the relation found by Cowie et al. (2004) (Figure 3 ; cf. also Geach et al. 2006 and Haines et al. 2009b ).
Individual sources
Far-infrared spectral energy distributions (SEDs hereafter) have been fit to cluster members identified as BLAST counterparts, to help identify their nature. The direct association of optical objects with sub-mm sources is usually far from trivial, mainly due to the large beam size in the sub-mm. Ideally, radio observations would be required to pinpoint the precise position to be matched with optical catalogues (Dye et al. 2009; Ivison et al. 2010 ). However, we notice that in the field of A3112, in each case that a robust ( 5σ) 250 µm source is detected, an optical cluster member is present within 1-σ of the positional uncertainty from the source peak. Moreover, these BLAST sources are all found to be brighter at 250 µm than at 350 or 500 µm, suggesting that they originate Open circles are data points from Geach et al. (2006) and Haines et al. (2009b) ; the dotted line shows the evolutionary model of Cowie et al. (2004) . A3112 agrees closely with the relation found for the evolution of the SFR with redshift. from low-redshift galaxies. As shown later in Section 3.2, these sources are found to have low temperatures (T < 20 K), consistent with being quiescent star-formers at the cluster redshift. Moreover, for these sources a single counterpart is usually detected within the positional uncertainty, ruling out the presence of other low-z galaxies not associated to the cluster that could contribute to the sub-mm signal. We thus conclude that for the scopes of this work, when these criteria are met (i.e. robust detection of a 250-µm BLAST source and presence of a single optical counterpart within the positional uncertainty), association of optical cluster members to BLAST sources can be considered robust. In addition to 5σ detections at 250 µm, we also include sources with a > 4σ detection both at 250 and 350 µm, to increase the number of confirmed counterparts while still maintaining a criterion of robustness. We thus select five galaxies, shown in Figure 4 and whose data appear in Table 1 . Of the five selected galaxies, BLAST J031700-441605 is also the IRAS source IRAS 03152-4427. Several other galaxies are in good positional match with BLAST sources, however they are either not robustly detected (i.e. < 4σ) at BLAST wavelengths, not cluster members or missing a spectroscopic redshift altogether. We do not include these galaxies in our analysis to avoid biasing our results.
SEDs are fitted using the same method explained and used in Chapin et al. (2008) , taking into account filter response curves, calibration uncertainties and correlations between the BLAST maps (Truch et al. 2009 ). Since we have only a modest range of FIR/submm wavelengths (the three BLAST bands), we do not fit the dust emissivity index β (i.e. the slope of the modified blackbody); instead we fix it to 2, according to the results of Wiebe et al. (2009) . FIR luminosity and dust mass are derived from the SED, and we use the relation by Bell (2003) to derive the star-formation rate from the FIR luminosity.
For IRAS 03152-4427, data at 60 and 100 µm are also available from the IRAS Faint Source catalogue (Moshir et al. 1990) . In particular, 100 µm data allow for better constraints on the shape of the far-IR SED (the 60 µm point already samples the warm dust emission and is not suitable to fit a single-component SED). We find for IRAS 03152-4427 a best-fit temperature T = (23.4 ± 0.8) K, a total far-infrared (FIR) luminosity of (1.2 ± 0.1) × 10 11 L⊙, a cold dust mass of (1.7 ± 0.1) × 10 8 M⊙ and an SFR Although other BLAST counterparts lack shorter wavelength data, we use the results from IRAS 03152-4427 as an upper value on their possible luminosity and temperature to help the fitting procedure. We find that the typical cluster members detected at BLAST wavelengths have temperatures of order of 15 K, FIR luminosities of order of 10 10 L⊙ and dust masses around 10 8 M⊙. Their SFR amounts to a few ( 3) solar masses per year (a few more if the SFR from the UV is also taken into account). Table 2 shows the results of the fit for all selected cluster members, including the derived SFRs and dust mass. Our results show that typical BLAST sources in A3112 are mostly normal star-forming galaxies with low star-formation rates. Fainter sub-mm sources in the cluster are expected to show even lower star-formation activity than the galaxies studied here.
Comparison with previous results (e.g. the ISO observations of Virgo by shows that the dust masses are consistent with other observations; our galaxies have dust masses typical of large early-type spirals. This is in agreement with the bright magnitude of these systems, with their optical colours (cf. Section 3.3), and with their disc-like optical appearance (Figure 4) .
Far-infrared emission from the BCG
The brightest cluster galaxy (BCG) in A3112 exhibits strong optical line emission and a powerful radio source. It was targeted with Spitzer IRAC and MIPS observations by Quillen et al. (2008) , who find a weak MIR excess at 24 µm. They derive an infrared luminosity of 2.2×10 10 L⊙ which equates to an SFR of 4 M⊙ yr −1 (O'Dea et al. 2008 ). The BLAST results are at face value inconsistent with this SFR, with a 2σ detection at 250 µm of 57±28 mJy and upper limits of 64 and 46 mJy at 350 and 500 µm (assuming three times the map r.m.s.). This translates to an upper limit of 3.1×10
9 L⊙ for the FIR luminosity and 0.6 M⊙ yr −1 for the SFR. However, the Spitzer and BLAST luminosities are derived using different methods and the Spitzer-derived value is potentially over-estimated due to the MIR contribution of an AGN. The presence of an AGN is consistent with the results of Takizawa et al. (2003) , who find an X-ray point source coincident with the core of the BCG and an X-ray excess associated with radio lobes. Spectral analysis identified a power-law component with index 1.9, which confirms this galaxy to host an AGN. The X-ray excess is also explained by Bonamente et al. (2007) in terms of relativistic electrons accelerated by a central source. The BLAST limit is at the lower end of the SFR values found both by O'Dea et al. (2008) and by us with the UV detection of the BCG by GALEX (1.5 M⊙ yr −1 , cf. Section 3.1), which is also likely to be contaminated by the signature of the AGN.
BLAST sources along the colour-magnitude diagram
The cluster colour-magnitude (CM) diagram enables us to select galaxies with respect to their overall unobscured star-formation activity. As already pointed out in Sect. 3.1, a large number of objects lie on the cluster RS, identifying them as passively evolving ellipticals. Moreover, we find the region redwards of the RS to be populated by 26 galaxies (i.e., 18% of the optical sample) showing colours about 0.1-0.2 magnitudes redder than the RS. The combination of BLAST with optical and near-IR data can help in understanding the nature of these systems.
We thus stack the three sub-catalogues of blue galaxies (21 objects below the RS), RS galaxies (99 objects) and very red galaxies (26 objects redder than the RS). We then derive the mean star-formation rate from the FIR luminosity, as in Section 3.2. The results are presented in Table 3 , showing that the majority of the stacked sub-mm emission from our cluster member catalogue comes from optically blue (i.e. star-forming) galaxies. The bulk of their emission is clearly detected at 250 µm. On the other hand, RS galaxies show no significant emission in any BLAST band, confirming these systems as largely evolved, dust-free galaxies; consistently, their derived SFR is negligible. The very red galaxies also show little sub-mm emission, mostly consistent with zero, although with large error bars. The inferred SFR is therefore also very low. This suggests that this population is overall depleted of cold dust.
Additional information about the very red galaxies can be inferred from the comparison of their optical and near-IR properties. We find that the (J-KS) colour of these galaxies is largely consistent with the colour of the RS in the (J-KS) vs. KS plane, confirming these galaxies to have an old stellar population typical of RS galaxies. Moreover, most of them are found in the central regions of the cluster, where very few young dusty galaxies are expected on average for a non-merging, relaxed cluster like A3112. This suggests that the observed red optical colour could arise from other factors than isotropic dust reddening.
Several authors in the recent past have shown, using both radiative transfer models (Pierini & Möller 2003; Pierini et al. 2004) and observational data (e.g. Driver et al. 2007) , that depending on galaxy geometry and orientation, more or less severe reddening can arise. Both Pierini et al. (2004) and Driver et al. (2007) show that attenuation is largely dependent on observed wavebands, with stronger effects in the bluer bands. A strong contribution is also due to galaxy morphology, the bulge-to-disc ratio playing an important role in determining the overall effect on the observed colours. For intermediate inclination angles (i < 60), the ratio of the colour terms E(B − V )/E(J − K) is higher for discs than for bulges. Figure 5 . The far-IR SEDs of the five cluster members identified as counterparts to 250 µm sources. The solid line shows the best fit to the SED, the dashed lines mark the 1σ error intervals obtained using a standard Monte Carlo sampling of the parameter space.
Discs also show overall lower colour terms, regardless of the structure of interstellar dust. The geometrical parameters derived from SExtractor (namely, the semimajor axis, a, and semiminor axis, b, of the largest ellipsoidal isophote encircling the galaxy) can be used to roughly estimate the inclination angle of the galaxy along the line of sight (if the observed galaxy is approximated as a disc of radius R = a, the inclination angle along the line of sight can be expressed as θ los = (90
• /2π)acos(b/a)). We find that the very red galaxies all have inclination angles between 30
• and 60
• . This suggests that these galaxies could appear reddened by superposition of a possibly thick disc over a relatively small bulge. In this case, the expected attenuation coefficient is almost negligible in the near-IR, while it can range from 0.2 to about 0.5 in the B band. We thus interpret the very red galaxies as discs with an overall evolved stellar population (i.e. belonging to the RS) and relatively low dust content, which are preferentially reddened because of their inclination. Following this, we stack the sub-mm maps on the combined catalogue of red and RS galaxies, considering them as a single population. We see that the addition of very red galaxies results in a mean SED consistent with that from RS galaxies. Results of stacking are reported in Table 3 .
To better characterize the nature of the optical counterparts to the bright BLAST sources, we investigate their location in the CM diagram and their optical colours. Fig. 2 shows the position in the CM diagram of the cluster members identified as BLAST counterparts. These five galaxies all lie in a narrow region of the CM diagram, with a mean colour (B − R) = 1.38 ± 0.08 and KS magnitudes below K * S (excluding IRAS 03152-4427, which has a magnitude of order of K * S ).
Radial distribution of sub-mm emission
Several studies have revealed the presence of trends in the starformation activity of cluster galaxies with respect to the clustercentric radius. This is usually interpreted as a combination of environmental effects that trigger star-formation episodes in galaxies infalling on the cluster from the field. Investigating the radial distribution of sub-mm emission from cluster members can help in better understanding how the environment affects cluster galaxies and to what extent these effects are detected at FIR wavelengths.
We thus divide our spectroscopic catalogue of 146 cluster members into radial bins centered on the BCG, whose position is coincident with the dynamical centre of the cluster. We define the bins so that each contains similar numbers of objects to ensure homogeneous stacking statistics. We find that 25 galaxies per bin is a good compromise between number of bins (6) and S/N ratio.
The radial plot of the mean stacked flux density (see Fig. 6 ) shows two significant (∼ 4σ) peaks at 250 µm. The outermost of these peaks is detected at about 1.5R200, i.e. outside the gravitational radius of the cluster (this region is only covered by the shallower part of the BLAST map and thus the stacking results are quite noisy). This is expected, since at radii R200 the infall of galaxies from the field is expected to be most noticeable, and thus an increase in the mean SFR is expected (e.g. Balogh et al. 1999 ). This signal drops at longer wavelengths.
A second peak is detected closer to the cluster core, around 0.6R200. To investigate whether this peak is genuinely due to the presence of the cluster, we use the same method and stack the BLAST-BGS map (Devlin et al. 2009 ) on simulated catalogues. Since the BGS is a blank field, we can use it to assess the probability of random occurrence of a radial peak with the same significance as detected in A3112. We thus generate 10000 sets of 146 positions, randomly distributed around a centre and on an area equivalent to the map of A3112, stack the BGS map on each, look for the presence of a radial peak and calculate its deviation from the mean of the radial profile. To test if the presence of a cluster affects the outcome of the stacking analysis, we also simulate 10000 catalogues of 146 normally distributed positions over the same area (we use the value of R500 found for A3112 as the standard deviation of the distribution, to roughly reproduce a density profile consistent with the presence of a cluster). We find that the probability of random occurrence of a peak as significant as that detected in A3112 is less than 10 −5 in all cases. Limiting this analysis to the BGS-Deep or BGS-Wide maps also yields similar results.
To check independently the significance of this peak, we also compare the stacked values with two radial profiles: a flat profile with value equal to the mean of the stacked values and a Gaussianshaped profile which we assume as a representation of the peak. A Kolmogorov-Smirnov (KS) test shows that the flat profile is ruled out with a rejection probability of 0.9996, while a peaked profile is accepted with very high probability (rejection of 9 × 10 −4 ). We also test the same profiles by stacking in smaller radial bins (12-20 objects per bin); although the data are noisier due to lower statistics, the flat profile is still ruled out while the peaked profile provides a good fit.
We also notice that the cluster members matching the position of 250 µm-detected sources mostly lie at the distance of the inner radial peak. These galaxies do not appear to be clustered among themselves, being instead randomly distributed azimuthally. In order to evaluate whether the peak is entirely due to the presence of these galaxies, we stack our catalogue after removing them. Although the peak shows a lower deviation from the mean value (∼ 2σ), a flat profile again has a low probability of being a good representation of the data (although with a lower rejection probability of 0.3). A peaked profile has again a very low rejection probability (1.3 × 10 −3 ), thus providing a robust representation of the data.
The same analysis on the 350 and 500 µm data shows no significant peak at the same position, although cluster members from the innermost bin show on average a non-zero mean flux density. The significance of this signal is nevertheless low (∼ 1.5σ).
To ensure that no selection effect in the input catalogue is biasing this result, we also investigate the (B − R) colour of galaxies in each bin. We find that all radial bins (but the innermost) are populated by a mix of red-sequence and blue galaxies, thus assuring that the peak is not due to undersampling of blue (i.e. star-forming) galaxies at radii of the order of R200. The number of blue galaxies is indeed the same (4-5) in all radial bins.
Sub-mm emission across the luminosity function
We can also stack maps on the spectroscopic catalogue of cluster members after dividing into bins of absolute KS magnitude, to study how the sub-mm BLAST flux is distributed across the cluster luminosity/mass function. Although the available data do not allow us to probe the dwarf population of cluster members, they cover three full magnitudes in the KS band, enough to reach intermediate-luminosity galaxies down to K * S +2. As in the case of radial stacking, we define magnitude bins containing a constant number of objects (25) for homogeneous stacking statistics.
The result of stacking on magnitude is shown in Figure 7 . A noticeable peak around magnitudes fainter than K * S is immediately evident, with the largest part of the BLAST 250-µm emission orig- inating from galaxies with KS absolute magnitudes brighter than -21, i.e. around K * S +1. The stacked flux then decreases beyond K * S , i.e. towards the giant ellipticals. Given the robust correlation between KS magnitude and stellar mass, we identify these systems as having stellar masses of order of a few times 10 9 M⊙. Removing the BLAST-detected sources shows that a larger number of galaxies contributes to this signal. Stacking the 350 µm map shows a less strong signal, although the transition across K * S is still noticeable. Removal of the BLAST counterparts does not change the plot significantly. At 500 µm, the mean flux density is consistent with zero at every magnitude.
DISCUSSION
The combination of optical and sub-mm photometry with statistical results from stacking analyses provides insight into the starformation activity of galaxies in A3112.
We statistically detect the mean sub-mm emission from cluster members, which we quantify as 16.6±2.5, 6.1±1.9, and 1.5±1.3 mJy at 250, 350, and 500 µm, respectively. These numbers can provide a reference for future, deeper sub-mm observations of other galaxy clusters. The mean SED and SFR derived from the stacking shows that A3112 has a total SFR density of 12.4 ± 3.4 M⊙ yr −1 /(10 14 M⊙). This is in good agreement with previous results (Geach et al. 2006; Haines et al. 2009b ) and suggests that sub-mm data can help in reducing the scatter in measurements of the evolution of SFR vs. redshift for galaxy clusters.
The results from cluster-centric radial stacking show that a large fraction of the total star-formation activity in the cluster is taking place at specific cluster-centric distances. At radii beyond R200, a large amount of signal is detected, preferentially at 250 µm. Previous optical studies of star-formation activity in clusters have shown the presence of radial trends in the relative proportions of star-forming and passive galaxies, across mass scales covering the full range from groups to superclusters (e.g. Balogh et al. 1999; Porter, Raychaudhury (2007); Porter et al. 2008; Wilman et al. 2008; Braglia et al. 2009 ). It is now well established that at distances of order of R200, the SFRs of infalling galaxies can experience a more or less prolonged period of enhanced activity, mainly due to environmental effects. This is also consistent with the statistical analysis of BLAST sources of Viero et al. (2009) , who detect a spatial correlation length of 4.9±0.7 Mpc for 250 µm sources. This loosely corresponds to about 2R200 for A3112, consistent with the distance of the outermost radial bin in our analysis. The detected signal is thus well explained within the general picture of galaxy infall on to clusters.
In addition, at around 0.6R200 a significant enhancement in the star-formation is detected at BLAST wavelengths. This radius roughly corresponds to R500 (Sanderson et al. 2003) , i.e. the boundary between the infall region and the virialized cluster core. The recent investigations of galaxy clusters with Spitzer have shown that the radial trends detected at optical wavelengths in fact extend deeper into the cluster core, both in filamentary structures (Fadda et al. 2008) and in the infall regions between R200 and R500 (Bai et al. 2007; Saintonge et al. 2008; Haines et al. 2009a; Haines et al. 2009b; Tran et al. 2009 ). In all cases, a global decrease of the fraction of mid-IR luminous galaxies is seen towards the innermost regions of clusters, which is usually interpreted in terms of gradual quenching by environmental effects due to interaction with other cluster members and with the diffuse intra-cluster gas. Our observations in the sub-mm confirm this picture also, at wavelengths which sample a region close to the FIR peak of the cold dust which is heated directly by the UV radiation of O and B stars. Although a large fraction of the sub-mm emission detected is clearly due to the cluster members individually detected at submm wavelengths, we see evidence from stacking of a larger population of galaxies whose sub-mm emission is statistically detected at around R500. This suggests that on average, cluster galaxies are expected to show an overall enhanced star-formation level at this distance.
The distribution of mean sub-mm emission with respect to galaxy KS magnitude shows that a significant fraction of starformation is carried by systems with KS<K * S , i.e. by intermediate mass galaxies. The mean sub-mm flux density is seen to increase towards more luminous K * S magnitudes, until a noticeable drop at the brightest magnitudes (as expected for passively evolving ellipticals). This agrees with previous results (e.g. Pierini, Möller (2003) ) and shows that a large part of the star-formation activity is taking place in intermediate systems.
Analysis of individual sources as well as stacking against colour criteria allows us to assess the nature of the cluster members detected by BLAST. Excluding the single galaxy IRAS 03152-4427, which is identified as a LIRG with a relatively high temperature of 23.4 K and a total SFR of 39 M⊙ yr −1 , both the SEDs of individual sources and the stacked SED show that typical star-forming galaxies in A3112 are not undergoing strong starformation activity, but instead are identified as normal star-forming galaxies with total SFRs of a few (< 10) M⊙ yr −1 , FIR luminosities of order of 10 10 L⊙ and temperatures below 20 K. Their total dust mass is of order 10 8 M⊙, typical of large spirals. Optical classification of these galaxies reveals them to be massive (MStar ∼ [5 − 10] × 10 9 M⊙), disc-like galaxies with relatively red colours. The colour-magnitude diagram reveals that they all lie in a narrow colour strip with (B − R) = 1.38 ± 0.08, i.e. at an interface region between the population of star-forming galaxies and the old passively-evolving galaxies in the RS. The population of galaxies with (B − R) colour redder than the RS is revealed to be composed of quiescent galaxies, whose redder colour is probably due to geometrical properties rather than to increased levels of dust.
CONCLUSIONS AND SUMMARY
We have been able to provide a description of the star-formation activity of member galaxies in a cluster at sub-mm wavelengths, as observed by the BLAST experiment. A combination of stacking analyses based on cluster-centric distance, galaxy magnitude and colour allowed us to identify correlations between optical properties of cluster galaxies and their FIR emission.
Studying the sub-mm SEDs of cluster members identifies BLAST-detected cluster members mostly as normal star-forming galaxies. Their optical colours and KS magnitude identify them as massive early-type galaxies in an advanced stage of evolution. The BCG is found to have low dust content, its mid-IR emission possibly due to the central AGN.
Together with an expected increase of the SFR in the cluster outskirts, we find a significant increase in the 250 µm flux density at distances around R500, i.e. further inside the cluster with respect to the infall region. The increase peaks to values 3-4 times as large as in the inner regions of the cluster. This confirms previous studies in the mid-IR that show large fractions of star-forming galaxies closer to the dense cores of galaxy clusters. The combined results of our analysis show that the cluster members identified at sub-mm wavelengths can be part of a population of evolved systems on the verge of transition from the population of blue active galaxies to the quenched systems (ellipticals and S0s) dominating the cluster cores, and suggests that environmental effects at distances of order of R500 play a role regulating star-formation activity during this transition.
Deeper and more complete studies of galaxy clusters at far-IR and sub-mm wavelengths with Herschel and SCUBA-2 should provide more complete coverage of the physical processes at work in cluster galaxies. In particular, combining the higher sensitivity and resolution of SPIRE and the spectral coverage offered by parallel observations with PACS and SPIRE will allow for the detection and characterization of cluster galaxies down to smaller luminosities and masses, providing a more complete description of the starformation activity in galaxy clusters.
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